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© Mitotic inhibitor and method for preventing posterior lens capsule opacification after extracapsular 
extraction. 

@ A conjugated cytotbxin is provided for preventing posterior lens capsule opacification (after-cataract) after 
extracapsular extraction. Preferably, the mitotic inhibitor of lens epithelial cells comprises a conjugate containing 
^ methotrexate which is covalently linked to an antibody, such as anticollagen, in approximately a molar ratio of 

fs immediately after the lens has been removed, or coated onto an intraocular lens prior to insertion onto the 
posterior lens capsule. Similar conjugates may be attached to other artificial materials in the body to fight 
^"fibroblast proliferation. 
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MITOTIC INHIBITOR AND METHOD FOR PREVENTING POSTERIOR LENS CAPSULE OPACIFICATION 

AFTER EXTRACAPSULAR EXTRACTION 
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Field of the Invention 



Tne present .nvent.on relates to an improved method and material for preventing ooacification of the 
posterior capsule (after-cataract) after extracapsular cataract surgery. More particularly, the invention relates 
to a method and means for targeting a cytotoxic drug to inhabit the growth of lens epithelial cells andor 
fibroblasts or other cells on the lens capsule. 



Background of the Invention 
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Extracapsular lens extraction has become the method of choice for removing catara-ts The major 
medical acvantages of this technique over intracapsular extraction are lower incidence of aphakic cystoid 
macular edema and retinal detachment. Extracapsular extraction is £iS c required for implantation of 
posterior chamber type intraocular lenses which are now considered to be the lenses of choice in most 

C2SSS. 



disadvantage of extracapsular cataract extraction is the high incidence of posterior lens caosule 
opacification, often called after-cataract, which can occur in up to 50% of cases w,thin three years' after 
surgery. After-cataract can be treated by additional surgical procedures (e.g.. posterior capsuiotomy 
repohsning of the posterior lens capsule, or disruption of capsule by infrared energy from a neodymium 
YAt. laser) to obtain good vision. There are complications associated with all types of capsulotomy These 
include cystoid macular edema, retinai detachment, and transient or permanent glaucoma 
25 After-cataract is caused by proliferation of equatorial and anterior capsule lens epithelial cells which 

7£nlT f TT ? SUlar l9nS eWSCtion - C3lls P^i^ate t0 cause Sommerling rings, and along with 

fibroblasts which also deposit and occur cn the posterior capsule, cause opacification of the posterior 

Wh f with 7iS,0n - ^vention of after-cataract would be preferable to treatment, and 

could be achieved by physically or chemically destroying the lens cells at the time of the original cataract 

In animai experiments, cytotoxic drugs adm.nistereo during surgery cr imclantation have been inve«ti- 

MTlVr^l °J - nh n f?, 9f0W,h ° f ' enS epithe,ial Ce " S - An example °' such 3 dru 5 is methotrexate 
M,X). as described in U.S. Patent 4,515.794. MPX kills dividing cells preferentially, though not exclusively 
end is usea in cancer chemotherapy. 

35 As described in the above patent. MTX has been used as a mitotic inhibitor by instilling a solution 
coaming a specnic concentration of methotrexate into the antenor chamber of the eye after lens removal 

•nUTT* S ° iUti0n C ° ntain,n9 MTX iS osmotic3il y baiancea to P'ovice minimal effective ccsage when 
insulted into the antenor chamber of the eye, thereby inhibiting subscapsular ecitheliai growth 

However, because U,X is not specific as to the type cf ceil that it kills, serious side effects can occur 

* Moreover, epiiheliei cells must oivide for MTX to exert its cytotoxic effect. The crug snouio therefore reman 

in the eye at least through the generation time of the lens epithelial cells. While these cells normally divide 

very slowly and only at the eauator. civision is stimulated by injur/, such as would occur during surgery 

occurring wthm 48 hcurs. Mitotic inhibitors comprised simply of solutions of methotrexate or other 

c/totoxms which are instilled in the aqueous fluid of the eye would be continually diluted by inficw of 

"' ~*. ■ !:::cr - lS ' S: ' 5 '- - :: Wl " ! « cf -ScM three hours. This dilution in turn dec-=a*« me * 

coiuty ot the arug to mhicit growth cf the epithelial calls which remain after lens extraction. 



Summa ry of the Invention 
so ■ 



fihr«h -V ° a ° r'. Cn r3 - ates t3 3 m,ICIi0 ,nnibitor effective to inhibit lens epithelial ceii arowth and 
librobkd&c proiireration oy instilling into the anterior or posterior chamber cf the eve durina or immediately 
railcwng cataract surgery a cytotoxic agent coupled with means to target the crete* »c~* *• r-.n- Z 
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cell types. Preferably, this is accomplished by coupling methotrexate with an antibody, such as anticollagen, 
thus yielding a conjugate in which the molar ratio of methotrexate to anticollagen is about 1:1 to 10:1. 

Targeting of the MTX will allow fcr a much lower concentration of MTX (compared to the use of free 
MTX as in U.S. Patent 4,515,794) to be instilled into the eye's anterior or posterior chamber, thus 
5 decreasing the possibility of the patient experiencing harmful side effects. Furthermore, a larger concentra- 
tion of MTX can also be used, as needed, with the likelihood of side effects occurring aiso being lessened 
due to the targeting of the MTX specifically to lens epithelial cells. 

10 Description cf Preferred Embodiments 



According to the present invention, the prevention of after-cataract is improved by coupling to the 
cytotoxic agent fcr destroying lens capsule cells and fibroblasts an antibody which wiil target the cytotoxin 

/5 to the particular area cf the eye desired and retain the cytotoxin in this area cf the eye for sufficient time to 
effectively kii! the dividing ceils which cause the lens capsule opacification. Although other cytotcxins may 
be used in accordance with the ts:cr.!rg : r ores -:."* : :v~r.t;c-. "he most preferred cytotoxin is 
methotrexate, which has been demcr.oiratec in U.S. Patent 4,515,794 to be effective in destroying the 
epithelial ceils of the lens capsule which remain after cataract surgery. Methotrexate is weil known in the art 

20 and is commercially available, for example, from Sigma Corporation. 

In order to target the cytotoxin to the site where the cytotoxin wiil kill the desired epithelial cells, 
fibroblasts or other undesirable cells, the cytotoxin is linked or conjugated to an antibody which wiil attach 
itself tc a particular area of the eye. The antibody may be one which is specific to the cells sought to be 
destroyed, or an antibody which is specific to the lens capsule may be used. 

25 According to the present invention, it has been found that antibody tc human basement membrane 
collagen, the most common collagen in the eye. (anticollagen) is effective in targeting the cytotoxin to the 
lens capsule for destruction of lens epithelial ceils. Anticollagen is known in the art and commercially 
available, for example, from Australian Monoclonal Development of Artarmon. N.S.W., Australia. This is a 
mouse monoclonal IgG, as described, for example, in Hancock, W.W.. Kraft. N., and Atkins, R.C., 

20 "Production of Monoclonal Antibodies to Fibronectin, Type IV Collagen and other Antigens of the Human 
Glomerulus," Pathology 16:197 (1984). 

While the antibody and cytotoxin may be linked or conjugated by a number of methods, it is preferred 
that they be linked by a covalent bond, preferably using the water soiubte carbodiimide EDCl as a 
condensing agent. This method is known in the art. as described and referenced in Preparation Example 1 

35 below. 

A mciar ratio of cytotoxin to antibody in the range of about 1:1 to 10:1 appears tc be satisfactory. 
Although optimum concentrations of the cytctoxin and antibody in the conjugate have not been determined, 
it has been found in tests to date that a molar ratio cf methotrexate to anticcilagen cf about 2.5:1 produces 
satisfactory results. It is believed that effective conjugates may be produced by using other molar ratios. 

40 other cytotoxins. or by using an antibody specific to ether lens cells besides lens capsule. 

According to the method of the invention, the conjugate may be instilled in the anterior or posterior 
chamber of the eye during or after extracapsular extraction, in the same manner as the instillation of 
methotrexate or other cytotoxin alone, as describee in U.S. Patent 4,515.794. The significant difference, 
however, is that whereas the methotrexate or other cytotoxin alone is continually diluted by the inflow of 

45 aqueous fluids in the eye and remains for only a very short time, the targeted cytctoxin using the 
conjugates of the present invention will enable the cytotoxin tc remain in the eye for much longer periods to 
ailow the continued destruction cf lens epithelial cells as they are generated after surgery. 

The MTX-anticoliagen conjugate according to the invention retains bc:h antimetabolic and antibody 
activity, as shown through biochemical measurements. It is an effective inhibitor of the outgrowth of lens 

so ecitheiiai ceils in vitro , and initial animal experiments support the possibility that the conjugate would be 
effective in vivo . The effects seen were due specifically to the conjugate, since free MTX, free anticollagen, 
a ncrv^oecific conjugate, or buffer failed to prcduca the desired results. As with antibody targeting of MTX 
to cancer cells in vitro (see Kulkarni et al. above) free MTX and free anticollagen somewhat inhibited ceil 
outgrowth, but did not completely suppress it as did the conjugate. 

55 An alternative method according to the present invention comprises attaching -:he cytctoxin/anticocy 
conjugates to artificial lenses, such as intraocular lenses. The conjugate is attached to the lens prior :o 
. insertion of the lens during surgery. The cytotoxin is then available for kiiiing epithelial lens ceils after the 
suroerv. 

3 
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For example, as described more fully below, a covalent conjugate of MTX with bovine serum albumin 

may be attached to a poiymethyl methacrylate (FMMA) which has been plasma treated with ethylene 

diamine using glutaraldehyde (GA) to attach the conjugate to the treated PMMA lens. Other coating and 

attachment methods will be evident to these skilled in the art Still further, the method of the invention may 

be used to attach cytotoxin-antibody conjugates to the other artificial materials in ether areas of the body, 

such as attachment to shunts to fight the buildup of fibroblasts which may cleg blood vessels. 

The invention will now be described in more detail with reference to the "following specific, non-'imitinq 
examples: 



PreDaration Examole 1 



The conjugate was prepared by covalently linking antibodies (anticollagen and antialbumin) with 
methotrexate using the water-soluble 1-sthyl-3-(3-dimethylar,incpropyl) carbodiimide (ECDI) as a condens- 
ing agent Eoth unlabeled ana 3 HMTX labelled cenj^es were prepared. The labelled material was 3'-5- 
7-3HMTX with a specific activity of 33.7 mCi,mg (15.3 Ci/mmol) obtained from Amersham. The procedure 
followed that of Kuikarni. P.N., Elair, A.H. and Ghose, T.I.. "Covalent Einding of Methotrexate to Im- 
munoglobulins and the Effect of Antibody-linked Drug on Tumor Growth In Vivo." Cancer Res. 41:2700 
0981). i en mg MTX and 2 mg ECDI were mixed in 1.5 ml cf buffer (0.01 M sodium phosohaTTbuffer, pH 
7.5. all references to buffer refer to this). After 10 minutes, the mixture was centrifuged and 150 ul of the 
supernatant containing 1 mg MTX, were removed and mixed with 0.5 mg of antibody in a volume of 0.5 mi. 
Premixing the MTX and ECDI provided much better protein recovery than when all three reagents were 
mixed together. This was shaken in the dark for four hours, and the cenjucate separated from unbound 
MTX by gel filtration on a 1 cm x 25 cm column of EioGeiP6, using buffer for eluticn. Coiumn fractions 
were analyzed by absorbance at 280 nm and 370 nm, by inhibition of the enzyme dihydrefciate reductase 
and, when tritium labelled MTX was used, by scintillation counting. 

Antibody activity in the conjugate was measured by enzyme-linked immunoscroent assay (ELISA). For 
evaluation of the antibody activity of the conjugate, 5 ug collagen and 100 ul 0.1 M sodium carbonate was 
piaced in a microtiter well, followed sequentially by 1% bovine serum albumin. 0.25 ug conjugate or 
anticollagen, enzyme linked antilgG (goat antimouse IgG labelled with alkaline phosphatase) from TAGO 
and enzyme substrate (p-nitrophenyl phosphate). Qualitative evaluation of color provided evidence for a 
presence (yellow) or absence (clear) of enzyme and therefore of conjugate. Limit of detection was net 
investigated. 



Test Examole 1 
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In this example, the effectiveness of the conjugate to bind to posterior caosules and to inhibit growth of 
lens epithelial cells was determined by using bovine posterior capsules in vitro. Eov.ne posterior capsules 
including the equatorial portions, were dissected from calf eyes obtained from a local slaughterhouse Eyes 
were removed within one hour of slaughter and kept on ice until lens capsule removal, less than two hours 
thereafter. In determining whether the antibody would properly bind to bovine posterior lens capsules the 
capsule was placed in a microtiter well and treated with 50 ui of solution containing 12.5 ua conjugate (or an 
equivalent amount of anticollagen or antialbumin or ouiieri Following treatment, tissues were dried uncer 
vacuum (50 mtorr) at room temperature for three hours and fixed in ethane! for 15 minutes. Fixing in this 
manner eliminated false positives from untreated capsules, while retaining antibody activity of conjugate 
treated capsules. Assay by ELISA then continued as mentioned above. 

Attachment of 3 HMTX conjugate to bovine posterior capsules was studied in microtiter wells, similar to 
the first steps of ELISA. 3 H conjugate (1500 dpm, or 830 dpm antialbumin conjugate, cr 3SO0 dpm 2 HMTX 
or buffer; was incubated with the capsule for 60 minutes at room temperature. The capsule was rinsed, then 
homogenized in 5 ml Omniftuor and counted. 

Tritium ( 2 H) incorporation indicated that 2.5 moles of MTX were bound to each moie of antibody This 
corresponds to 3.9 ug M i X bound to 0.5 mg antibody. Pooled fractions with MTX activity hao DHFR 
inhibition equivalent tc 0.24 ug free MTX. 

To determine the effect of the mitotic inhibitor on the remnant epithelial cells, the bovine costenor Sens 
capsuies. including the equatorial portions containing epithelial cells, were placed on glass slices ana 
treated with 50 ui conjugate containing 0.15 ug bound MTX (or 2.5 ua MTX or buffer). These" were 
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incubated for two hours at 37*degrees in a humidified chamber. They were then transferred, without rinsing, 
to cell culture medium. Capsules were examined immediately to confirm presence of cells, incubated for 
sever, days at 27 degrees, then reexamined for outgrowth. 

Positive ELISA results were obtained after in vitro treatment of bovine postericr capsules with conjugate 
< 5 and with free anticollagen. Expected negative responses were obtained from antialbumin and buffer. 

: Hconjugate treatment of bovine posterior capsule shewed 59% attachment of label. 3 HMTX and 
3 Hantiaibumin conjugate attached less than 1%. In all cases, remaining activity was recovered in the 
rinsings. 

Lens epithelial cells from bovine posterior caosules treated with conjugate did not grow. Cells treated 
w with free MTX were only slightly inhibited compare j "~ :reatea ci-iis, which grew well. 



Tost E:<amcie 2 

75 

In this in vivo example, five rabbits (six month old New Zealand white rabbits weighing 4.5 to 6.5 kg.) 
underwent bilateral extracapsular lens removal under general anesthesia. Lens material was 
aspiratec/irrigated from the eye with ESS (Ealcr.ccd S^it Solution obtained from Alcon labs), but no 
particular effort was made to remove epithelial cells at the lens equator. Each eye received a posterior 

20 chamber intraocuiar lens. Just before closure, 50 ul of solution containing 12.5 ug conjugate in which there 
was 0.15 ug MTX (or appropriate control) was injected into the anterior chamber, as summarized in Table 1. 
Eyes were treated externally with a broad spectrum antibiotic ointment after surgery and twice a day 
thereafter. After 43 hours, the animals were sacrificed by injection of an overdose of sodium pentobarbital. 
Posterior capsules, including equatorial portions, were removed and evaluated by ELISA. scintillation 

25 counting, or cell outgrowth, as with in vitro experiments of Test Example 1. 



TABLE ! 



In Vivo Treatment of Rabbit Eyes 


Rabbit 


Eye 


Treatment 


Assay 


No. 








1 


R 


Anticollagen conjugate (12.5 ug) 


ELISA 


1 


L 


Anticollagen (12.5 ug) 


ELISA 


r\ 
<L 


R 


Euffer 


ELISA 


2 


L 


Antialbumin (12.5 ug) 


ELISA . 


3 


R 


3 HMTX anticollagen conjugate (1500 dpm) 


3 H 


3 


L 


3 HMTX antialbumin conjugate (830 dpm) 


3 H 


4 


R 


MTX (2.5 ug) 


cell outgrowth 


4 


L 


Anticollagen conjugate (12.5 ug, 0.15 ug MTX) 


ceil cjicrowth 

■ ♦ 


5 


R 


Anticollagen (12.5 ug) 


cell outgrowth 


c 


L 


Euffer 





Rabbit posterior capsules, after in vivo treatment, were placed directly into a cell culture medium to 
determine epitheiiai ceil outgrowth. Capsules were examined immediately to confirm presence of ceils, 
incubated for seven days at 37 degrees, then reexamined for outgrowth. 

Using ELISA, both the conjugate and unconjugated aniicollagen were found to be attached to the 
posterior capsule after 48 hours, while antialbumin and buffer controls gave a negative response. 

Thirty percent of the radioactivity from the 3 HMTX-anticollagen conjugate was recovered in the posterior 
. capsule. This not oniy gives a quantitative measure of conjugate attachment, but also shows that the MTX 
remains conjugated to the antibody in vivo . An additional 8% was found in the cornea. No radioactivity 
above background was found in the eye treated with 3 HiMTX-eniiaibumin conjugate. The anticollagen 
conjugate completely inhibited cell outgrowth when the posterior capsule was placed in tissue culture 
medium. Free MTX (20 times the amount in the conjugate) and free anticollagen each depressed, but &i 
not prevent, ceil outgrowth. Good outgrowth was seen from the buffer treated capsule. 
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PreDaration Examcie 2 



PMMA slices were plasma treated with ethyisnsdar.ine (EDAM) tc yield chemically reactive amino 
groups available at the surface. These slides were further treated with gluteralcehyde (GA), rinsed of excess 
GA, and then treated with an MTX-protein conjugate. The conjugate was a covalent conjugate of MTX with 
bovine serum albumin, prepared using ECD! as the condensing agent, by the procedure of Kuikarni et al. 
cited above fcr preparing the MTX-antibcdy conjugate. Control slides were treated with unconjugated 
protein cr MTX. respectively. 



w 



"est Examole 3 



'5 treated slides prepared in Preparation Example 2 above were evaluated for ability to support inhibit 

outgrowth of lens epithelial ceils from bovine anterior capsules. Outgrowth was followed for six days. Slides 
treated with the covalent conjugate of MTX inhibited cell outgrowth. When these slides were rinsec and 
evaluated again, they inhibited outgrowth for a second set of lens capsuies. A third set of cells was 
somewhat inhibited, but not completely. This inhibition was not due to the gluteraitiehyde. since the protein 

20 treated siide allowed good outgrowth. An MTX treated slide inhibited outgrowth during the first evaluation 
period, but not during subsequent evaluations. 

The present invention may be embodied in other specific forms without departing from the spirit or the 
central attributes thereof and, accordingly, reference should be mace to the appended claims, rather than to 
the foregoing specification as indicating the scope of the invention. 

25 

Claims 

1. A mitotic inhibitor for the. prevention of posterior lens capsule opacification when instilled into the 
20 anterior or posterior chamber of the eye during or after extracapsular extraction comprising: 

a conjugate of an antibody and a cytotoxin to lens epithelial cells and fibroblasts. 

2. A mitotic inhibitor according to claim 1 wherein said antibody and cytotoxin are covalently linked. 

3. A mitotic inhibitor according to claim 1 , wherein said cytotoxin comprises methotrexate. 

4. A mitotic inhibitor according to claim 1 , wherein said antibody is specific to lens cacsuie. 
35 5. A mitotic inhibitor according to claim 4, wherein said antibody comprises anticollaoen. 

6. A mitotic inhibitor according to claim 1. wherein said antibody is specific to lens ceils. 

7. A mitotic inhibitor according to claim 1, wherein said conjugate comorises me^ctrexa-e and 
anticollagen in a molar ratio of about 1:1 to 10:1. 

8. A meihod of preventing posterior lens capsule opacification after extracaosular cataract extraction 
comcrisina: 

instilling into the anterior or posterior chamber of the eye during cr after the extracapsular extraction 
the mitotic inhibitor of claim 1. 

5. A method of preventing posterior lens capsule opacification after extracapsular cataract extraction 
comorisino: 

instilling the mitotic inhibitor of claim 1 immediately following the cataract extraction. 

10. A method of preventing posterior lens capsule opacification after extracapsular cataract extraction 
comprising: 

coating of intraocular lenses with the mitotic inhibitor of claim l. 

11- A method of inhibiting fibroblast proliferation in an area of an animal body where an artificial 
material is implanted, comprising attaching to the artificial material a conjugate of an antibody and a 
cytotoxin to said fibroblasts and/or other undesirable ceils. 
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